Crooke's cell adenomas are an intriguing subtype of corticotroph adenomas of the pituitary. In contrast to those usually associated with Cushing's disease, the Crooke's cell variant contains large quantities of keratin immunopositive cytoplasmic intermediate filaments or microfilaments. The latter are well characterized by histology, immunohistochemistry and transmission electron microscopy. Representative areas of the tumor were thoroughly studied by histology, immunohistochemistry and transmission electron microscopy to obtain a deeper insight into the biologic behavior of these tumors.
gain, one to two episodes of galactorrhea and secondary amenorrhea. She presented with truncal obesity, fullness and rubor of the face, a mild buffalo hump, and left lid ptosis in addition to folliculitis of the skin. The clinical impression was that of Cushing's disease. Ophthalmologic examination showed bitemporal hemianopsia. A computed tomogram (CT) scan and subsequently an magnetic resonance imaging (MRI) study demonstrated a large sellar mass with suprasellar extension (Figure 1 ). The tumor filled the left cavernous sinus and encased as well as constricted the left carotid artery. A diagnosis of invasive pituitary macroadenoma was made. Laboratory investigation revealed elevated blood adrenocorticotropin (ACTH) pmol/L; normal range: 0-18 pmol/L), elevated blood cortisol levels (674a significantly increased urinary free cortisol concentration (169-14,212 nmol/d; normal range: 50-220 nmol/d), and serum PRL (10- 
Morphologic Methods:
Specimens from three surgeries were fixed in 10% buffered formalin, dehydrated and embedded in paraffin. Sections of 4-6 µm thickness were stained with hematoxylin-eosin and the periodic acid-Schiff (PAS) technique. Immunostaining was performed using the streptavidin-biotin-peroxidase complex method. The full spectrum of pituitary hormone antibodies was applied. Details of the process, including antibodies employed, their sources and dilutions as well as the immunohistochemical procedure were described in previous papers. 10, 11 For quantification of Ki-67 labeling index, using the MIB-1 antibody, and of the other cell proliferation markers, 1000 adenoma cells were counted manually (tissue from third surgery). Microvessel density was evaluated on CD34 immunostained slides using an automated image analyzer as reported earlier. [12] [13] [14] For transmission electron microscopy small fragments of tumor tissues were fixed in 2.5% glutaraldehyde, osmicated, dehydrated in graded ethanol, processed through propylene oxide, and embedded in epoxy-resin.
Light Microscopic and Immunohistochemical Findings:
Since no major morphologic differences were noted amongst the tissues removed from the three surgeries, the results are conjointly described. By light microscopy the tumor consisted of an amphophilic pituitary adenoma exhibiting a diffuse growth pattern. The tumor cells were PAS-positive and showed no significant cellular or nuclear pleomorphism. As in several cases of invasive pituitary adenomas 15 mitotic figures were only rarely encountered (mitotic index 1-2%; in non-aggressive adenomas: 0-1%). A widespread and characteristic finding was that of Crooke's hyaline change ( Figure 2 ). Similar to non-neoplastic Crooke's cells it was localized primarily in the perinuclear area but, in many adenoma cells, occupied nearly the entire cytoplasm. The glassy hyaline material was PAS-negative. In many cells the secretory granules were visible only in the perinuclear Golgi zone and in a narrow subplasmalemmal rim. No necrosis, inflammatory infiltrates or calcification were seen. In a few areas, mild interstitial fibrosis was noted. Immunostainings for adenohypophysial hormones showed No reactivity was seen for growth hormone (GH), prolactin (PRL), thyroid stimulating hormone (TSH), follicle stimulating hormone (FSH), lutienizing hormone (LH) or alpha subunit. The Crooke's hyaline material was immunonegative for all adenohypophysial hormones, including ACTH and beta endorphin. Conclusive immunopositivity was apparent only for low molecular weight keratin, pankeratin and cytokeratin 20 ( Figure 2 ). Staining for cytokeratin-7 was weak and focal. No staining was noted in the tumor cells for high molecular weight keratin, neurofilament protein, S-100 protein, glial fibrillary acidic protein, endothelial markers, (Factor-8, CD-31, CD-34), and myoid markers (actin, alpha-smooth muscle actin, smooth muscle myosin).
Immunopositivity was noted for a number of antigens, regarded as prognostic indicators. Labeling indices were as follows: Ki-67 antigen using the MIB-1 antibody: 6-10% (in non-aggressive tumors: <3%) ( Figure 3 ), P-53: 1-2% (in nonaggressive tumors: 0%), P-27: 35-40% (in non-aggressive tumors: 40-80%), topoisomerase 2 alpha: 15-20% (in nonaggressive tumors: 0-12%) (Figure 4) . Vascular endothelial growth factor (VEGF): 85-90% ( in non-aggressive tumors: not quantified) (Fig 5) , galectin-3: 20-25% (in non-aggressive tumors: not quantified), and glucocorticoid receptor: 5-15% (in non-aggressive tumors: 3-85%). Immunostaining was inconclusive for COX-2, an additional cell proliferation marker. 16 As in rapidly growing pituitary tumors, in contrast to slowly proliferating adenomas, 12-14 many intratumoral blood vessels were identified. The microvessel density was 1.6-1.7% (in non-aggressive tumors: 0.5-2%).
Ultrastructural Findings
On electron microscopy, the tumor consisted entirely of corticotrophs. The nuclei were irregular and contained prominent nucleoli in association with variable quantities of heterochromatin. The mitochondria were swollen but showed no major abnormalities. The most conspicuous finding was the massive cytoplasmic accumulation of bundles of 5-7 µm width perinuclear intermediate filaments. In many cells, they occupied almost the entire cytoplasmic area. Due to the sheer abundance of the filaments, the rough surfaced endoplasmic reticulum and Golgi zones were often obscured. Secretory granules varied in number and measured 200-250 nm in diameter. In many adenoma cells, they occupied only the paranuclear Golgi zone and the subplasmalemmal region. The ultrastructural findings are shown in Figures 6-7 . 
DISCUSSION
The existence of Crooke's hyaline change was first reported by Crooke, 17 in 1935. Subsequently, several articles were published describing its histologic, immunohistochemical and ultrastructural features. [1] [2] [3] [4] [5] [6] [7] [8] It soon became apparent that Crooke's hyalinization occurs in pituitary corticotrophs exposed to endogenous or iatrogenic glucocorticoid excess. It was demonstrated in the corticotrophs of the non-tumorous portion of the adenohypophysis of patients with Cushing's disease harboring corticotroph adenoma accompanied by hypercorticism, ectopic ACTH syndrome, glucocorticoid hormone secreting adrenocortical adenomas and in subjects treated with pharmacologic doses of glucocorticoids. It was long believed that Crooke's hyalinization occurred only in nontumorous corticotrophs. Several publications, however, have documented Crooke's hyaline change in corticotroph adenomas. 4, 5, 9, 18, 19 The view that tumors with abundance of keratin positive intermediate filaments should be classified as Crooke's cell adenomas was proposed recently by George et al. 9 In our experience, Crooke's cell adenomas are rare. Their exact frequency, however, has not been firmly established.
Since nontumorous Crooke's cells represent suppressed corticotrophs, it came as a surprise that Crooke's cell adenomas are aggressive tumors. In the series of George et al, 9 many tumors were found to be macroadenomas (81%) invasive of their surrounds (72%), prone to recurrence (60%) and multiple recurrences (24%). Even two cases of Crooke's cell carcinoma were encountered in the series of George et al. 9 In summary, the behavior of our patient's tumor, an aggressive Crooke's cell adenoma that required multiple surgeries, is entirely in keeping with what is known about this unusual tumor.
The value of immunohistochemical markers of aggressiveness, was confirmed. Obviously, given financial constraints, not all these markers of growth potential, cell proliferation rate, and aggressiveness can be applied in every case. Preferences vary, but in our experience, the Ki-67 labeling of proliferating cells which entered the cell cycle has proven most useful. 20 Not unexpectedly, increased Ki-67 labeling and p53 expression was observed in our case. Both have long been associated with large tumor size and invasiveness. [20] [21] [22] Our indepth study of this single case also involved the application of several other markers recently found to be predictive of tumor aggressiveness and, in some instances, an unfavorable prognosis. These include: P-27, 23, 24 topoisomerase II alpha; 25 galectin 3 26 vascular endothelial growth factor (VEGF) [27] [28] [29] and extent of vascularization. [12] [13] [14] 30 Immunoreactivity for glucocorticoid receptor was reported in corticotroph adenomas, 31 and other pituitary adenoma types. 31 Also Expression of glucocorticoid receptor mRNA was demonstrated in pituitary corticotroph carcinomas. 32 Several cells (5-15%) of the Crooke's cell adenoma presented in this article were also immunoreactive for glucocorticoid receptor, suggesting that this receptor may play a crucial role in triggering the production of the Crooke's hyaline material. More studies are, however, required to establish the importance of the role of glucocorticoid receptor in Crooke's cell adenoma. It is not known whether the receptor is involved in the causation of aggressiveness and/or in the control of secretory activity of the tumor cells.
